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ABSTRACT. The bearing capacity of soil changes owing to the mechanical properties 
of the soil and it influences the structural stability. In most of the geotechnical 
engineering projects, there are several soil mechanic experiments, that need 
interpretation before application. The mechanical properties of soil interaction make 
the prediction of soil bearing capacity complex. However, the enhancement of 
construction project safety needs the interpretation of soil experiments and design 
results for proper application in a geotechnical engineering project. In this study, 
artificial neural network is proposed for the evaluation of the mixed soil 
characteristics to forecast the safe bearing capacity of soil due to the mechanical 
properties of the soil interaction phenomenon. The results for prediction of the safe 
bearing capacity reveal that the R2 and RMSE for all mechanical properties effects 
on safe bearing capacity are 0.98 and 0.02, these values can provide a suitable accuracy 
for the prediction of the safe bearing capacity of the mixed soil. The higher inaccuracy 
is obtained when only the influence of single mechanical property on the mixed soil 
is considered in the prediction of the safe bearing capacity. This study supports the 
enhancement of geotechnical engineering design quality through the prediction of 
safe bearing capacity from characterized mechanical properties of the soil. 
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INTRODUCTION   
 
aboratory experimental activity was performed for the characterization of red soil in soil mixture process and the 
assessment of soil mixture mechanical properties was performed for developing acceptable safe bearing capacity [1]. 
The bearing capacity of mixed soil foundation was investigated by changing the concrete footing dimensions and 
the soil mechanical properties systematically [2-3]. To study the bearing capacity of subsoil in the coastal region, the 
tsunami behavior was numerically simulated and mangrove for enhancement of subsoil was proposed [4]. The bearing 
capacity of soil foundation also was related to the seismic displacement of the soil foundation [5]. The bearing capacity of 
the embankment soil foundation was enhanced by developing dense zones in the subsoil [6]. The bearing capacity of the 
L 
 A. Namdar, Frattura ed Integrità Strutturale, 53 (2020) 285-294; DOI: 10.3221/IGF-ESIS.23.22                                                                        
 
286 
 
clay and composite ground were investigated [7-8], and soil mixture such as silty clay, soft Bangkok clay, fly and bottom ash 
mixtures, sand-clay mixtures using kenaf fiber reinforcement, chemical etc, were used to improve soil strength and stiffness 
[9-13]. With attention to the influence of the mineralogy on the soil and other construction materials [14-16], the bearing 
capacity of the soil is significantly controlled by the soil mineral.  
There are several types of research on the analytical, experimental and numerical analysis of the soil foundation, and the soil 
dynamic and static response evaluated with experimental, analytical and numerical results are reported in the literature [1-6, 
14-15]. On the other hand, different prediction techniques were applied on mild steel pressure vessel, crack propagation, 
compressive failure surface of cement concrete, natural stone and concrete footing design [17-22]. To identify and 
apply the best results in the geotechnical engineering design the advanced technique for decision making is needed. 
However, the mechanical properties of soil interaction make the prediction of soil bearing capacity difficult. The goal of 
this study is to forecast the influence of mechanical properties of soil on bearing capacity of the mixed soil, and to predict 
each element of soil mechanical properties separately. To combine all the mechanical properties on the safe bearing capacity 
of the soil foundation, the artificial neural network (ANN) is applied.   
 
 
METHODOLOGY  
 
he maximum dynamic load and the statics load individually or combined that can be applied on the soil foundation 
without the unallowable settlement, deformation and shear failure are called the safe bearing capacity of the soil 
foundation. The safe bearing capacity of the soil foundation is a margin safety in geotechnical engineering design.  
The mechanical properties of the soil play an important role in the soil foundation and they support structural stability in 
transferring load from the structure to the subsoil. The appropriate interpretation of soil experiments results significantly 
enhance quality of geotechnical engineering design. On the other hand, the mechanical properties of soil interaction make 
complex the prediction of the foundation soil bearing capacity. The mechanical properties of the mixed soil and the 
calculated safe bearing capacity are shown in Tab. 1.  Fig. 1 shows a flowchart to explain the steps in this investigation. The 
entire study contains five steps which are review analysis, problem identification, data selection, statistical analysis and 
interpretation of results for drawing conclusions. The procedure of the present work includes the behavior assessment of 
optimum moisture content, density, angle of friction and cohesive of the mixed soil, and the evaluation of the safe bearing 
capacity through the artificial neural network. In this study, for the interpretation of soil experimental results, each 
mechanical property of soil versus safe bearing capacity is graphically proposed and compared. It is aimed at analyzing the 
effect of the optimum moisture content (OMC) (%), the density (kN/m3), the angle of friction (deg) and the cohesive of 
soil (kN/m2) on the safe bearing capacity of the soil separately. Fig. 2 shows the distribution of the optimum moisture 
content, the density, the angle of friction and the cohesive of the mixed soil. The following are the steps of the research 
methodology.  
Step 1, review analysis: The safe construction of a structure depends on the safe bearing capacity of soil foundation. The 
geotechnical engineering design of a soil foundation needs to decide if the soil behaves differently from place to place owing 
to the variation of the mineralogy and morphology of the natural soil. These combination parameters create a difficult 
situation to choose a safe bearing capacity in civil engineering project by the geotechnical designer.  
Step 2, problem identification: The mechanical properties of soil interaction make the prediction of soil bearing capacity 
complex. It is needed to find an effect of each mechanical properties on mixed soil safe bearing capacity and to present 
guidelines to find the best decision. The soil mixture is a technique based on the soil mineralogy and morphology to control 
soil strength and stiffness, but because of probability function in soil mixture design and development of unexpected results 
during soil mixture process, feasible techniques are to be applied on soil mixture in geotechnical engineering design and soil 
foundation strengthening. However improper soil mixture design or use of unsuitable mixed soil hurt the strength of the 
soil foundation and they lead to a collapse of the structural elements and the whole structure, consequently.  
Step 3, data selection: The several soil mechanic experiments need interpretation before application. The mechanical 
properties of the mixed soil and the calculated safe bearing capacity are shown in Tab. 1, that is reported in the literature. 
The distribution of the optimum moisture content, density, angle of friction and cohesive of the mixed soil analyzed and 
their influence on the safe bearing capacity at each mixture design are studied. This process is repeated for 31 soil mixture 
models and significant factors impacting on the safe bearing capacity are identified and explained. It is well known that with 
the increasing number of collected data from the geotechnical site investigation or the laboratory experimental soil 
simulation the accuracy of the statistical analysis is more accurate in prediction and assessment.  
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Step 4, statistical analysis: Each element of soil mechanical properties behaves differently in a group of selected data from 
those reported in the literature [1], and the interaction between these elements requires a suitable technique for selecting the 
range of safe bearing capacity in the soil mixture design.  
To establish a histogram for safe bearing capacity of soil, the class interval of 500 was selected and the frequency of safe 
bearing capacity computed. To find intensity of repeating safe bearing at each 500 interval, relative frequency is divided into 
classes. After drawing rectangle for each class in construct histogram, the probability of safe bearing capacity was draw for 
the prediction. The Central Limit Theorem was used for probability analysis. In application of the Central Limit Theorem, 
a large enough sample is needed. It was suggested sample size of 30 or more is sufficient for application of Central Limit 
Theorem [23]. In this study, 31 sample were selected from an experimental investigation, so the Central Limit Theorem is 
applicable for probability analysis and prediction of safe bearing capacity.  
For this work, the following equations are used: 
 
1  nX XX
n
 = Sample mean          (1)    
 
1 n nS X X   = Sample observation         (2)    
 
2
~  ,    X N
n
     approximately           (3)    
 
 2~  ,  nS N n n   approximately         (4) 
 
where X1, X2, ………., Xn constitute the random sample from population, µ is the Mean and σ2 is the Variance [23]. 
ANN is applied to predict soil foundation behavior considering the mechanical properties of the mixed soil. ANN contents 
three layers, which are the input, the hidden and the output layers. These three layers integrate assessment and prediction 
of safe bearing capacity mechanism of the soil foundation. In this study, one hidden layer has been used in the ANN analysis. 
The minimum hidden layer in the ANN is one and maximum hidden layers depend on the problem complexity. The safe 
bearing capacity prediction by the effect of optimum moisture content (%), density (kN/m3), angle of friction (deg) and 
cohesive of soil (kN/m2) was performed using ANN. For the cover effect of each element of the mechanical properties in 
the prediction of the safe bearing capacity, R2 and RMSE of optimum moisture content (%), density (kN/m3), angle of 
friction (deg) and cohesive of soil (kN/m2) on the safe bearing capacity of the soil are separately analyzed in the first stage. 
In the second stage, R2 and RMSE of the safe bearing capacity are analyzed considering all mechanical properties together. 
 
 
Figure 1: Flowchart for explaining stepwise in this investigation. 
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Step 5, interpretation results for drawing conclusion: The morphology of mixed soil from the internal angle of friction, the 
mineralogy of mixed soil from soil cohesive, the moisture content and the density of the mixed soil have been interpreted 
to identify the best occurrence of safe bearing capacity. The method performed in the present work can be a guideline to 
be applied to soil mixed design in geotechnical engineering to improve subsoil strength and stiffness at acceptable quality.  
 
Mixture 
Number 
Optimum Moisture 
Content (%) 
Density 
(kN/m3)
Angle of Friction 
(deg)
Cohesive 
(kN/m2)
Safe Bearing 
Capacity (kN/m2)
1 11.2 21.94 38 21 2036.22 
2 10.61 21.83 39 12 1926.51 
3 10.72 23.46 39 46 3334.44 
4 12.15 23.82 36 28 1833.97 
5 9.58 23.02 40 8 2060.95 
6 22.39 20.09 32 20 888.70 
7 18.86 20.95 32 26 1026.83 
8 14.56 23.35 18 44 427.74 
9 14.23 20.96 30 28 718.00 
10 16.83 21.61 36 22 1567.43 
11 18.27 21.56 15 47 349.69 
12 16.76 21.07 22 49 608.36 
13 20.21 21.83 21 33 431.67 
14 18.68 21.179 27 38 786.91 
15 19.34 20.96 29 8.5 487.99 
16 16.55 20.31 31 22 834.95 
17 21.14 21.18 20 27 341.94 
18 20.79 21.18 20 23 311.26 
19 16.31 20.96 33.5 12 879.86 
20 20.88 20.96 24 23 439.56 
21 23.00 21.5 23 10 287.22 
22 20.06 22.05 23 32 503.18 
23 20.11 21.07 23 22 398.52 
24 20.75 20.41 19 22 280.01 
25 22.69 20.748 22 16 310.33 
26 18.87 21.72 21 28 389.32 
27 20.31 21.94 24 26 479.81 
28 19.51 21.72 17.5 28 298.58 
29 20.52 22.59 17 9 170.00 
30 18.99 22.47 18 24 286.20 
31 14.56 21.61 28 26 700.05 
 
Table 1: Soils mechanical properties and safe bearing capacity [1]. 
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Figure 2: The distribution of the mechanical properties of the mixed soil. 
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RESULTS AND DISCUSSION  
 
he safe bearing capacity of the soil is a critical factor in the geotechnical engineering design and plays the main role 
in structural stability. The enhancement of the safe bearing capacity of the soil foundation is considered important 
in geotechnical design basis. The soil mixture significantly changes the safe bearing capacity of the soil foundation. 
The soil mixture process develops safe bearing capacity in the high tolerance, it occurs because of the soil mechanical 
properties interaction. After the performance of the soil mixture, there is a complex result that requires to be investigated 
for enhancing structural stability. Fig. 2 shows the distribution of the optimum moisture content, density, angle of friction, 
cohesive and safe bearing capacity of the mixed soil are following different mechanisms. Fig. 3 shows the distribution of 
the safe bearing capacity associated to characterized optimum moisture content, density, angle of friction and cohesive of 
the mixed soil. Safe bearing capacity exhibits different mechanisms because of the mechanical properties of the soil 
interaction, and the safe bearing capacity develops differently at each soil mixture model. Fig. 3 is based on calculation done 
to show the direct relationship between different soil mechanical properties and the direct relationship between the safe 
bearing capacity and each individual soil mechanical property, in order to analyze the influence of each single mechanical 
property of the mixed soil on safe bearing capacity. However, to find influence all mechanical properties on safe bearing 
capacity, ANN, that is a soft computing technique, is necessary. Artificial neural network. The ANN gathering all mechanical 
properties affects the safe bearing capacity.  
OM
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Figure 3: The prediction of safe bearing capacity (S.B.C) according to the mechanical properties.  
 
Fig. 4 shows the safe bearing capacity frequency. The histogram presented in Fig. 4 is based on a soft computing technique 
(SCT) for the evaluation of the frequency of repeated safe bearing capacity, and it supports soil mixture design. The 
histogram is depicted for safe bearing capacity prediction analysis and it shows the distribution of values for the probability 
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of safe bearing capacity in soil mixture design. The shape of the histogram is skewed right. There is a large number of cases 
with low value of safe bearing capacity and few for high value.    
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Figure 4: The safe bearing capacity according to the number of occurrences.  
 
The internal angle of friction of soil has more influence on safe bearing capacity prediction. The increasing density, cohesive 
and internal angle of friction of mixed soil results in increasing the safe bearing capacity of the soil foundation, while the 
soil with higher moisture hurts the safe bearing capacity. The increase of optimum moisture content of the soil causes the 
reduction of density, cohesive and internal angle of friction of mixed soil and it results in the reduction of soil safe bearing 
capacity. The input, hidden and output layers of the ANN are constructed for assessing the effect of modification of soil 
mechanical properties in the prediction of the safe bearing capacity mechanism of the soil foundation.  
Tab. 2 shows the statistical analysis for examining the influence of each mechanical properties on safe bearing capacity. For 
the cover effect of each element of the mechanical properties in the prediction of the safe bearing capacity, R2 and RMSE 
showed that the combination of all mechanical properties together enhances the accuracy of the safe bearing capacity 
prediction results. The mechanical properties interaction increases the safe bearing capacity of the mixed soil. According to 
Tab. 2, the value of the R2 and RMSE for all mechanical properties effects on safe bearing capacity are 0.98 and 0.02, these 
values can provide a suitable accuracy for the prediction of safe bearing capacity of the mixed soil. The higher inaccuracy 
obtained when only the influence of the cohesive of the mixed soil is considered in the prediction of the safe bearing 
capacity.  
 
Mechanical properties R2 RMSE 
Optimum Moisture Content 0.731 0.683 
Density 0.597 0.293 
Angle of friction 0.861 0.230 
Cohesive of Soil  6.04E-4 10.97 
All mechanical properties 0.98 0.02 
 
Table 2: Statistical analysis for realizing the influence of each mechanical properties on safe bearing capacity. 
 
DISCUSSION  
 
he mineralogy and the morphology of the soil interaction in the soil mixture process cause the distribution of the 
mechanical properties of the mixed soil and they lead to the development of the different levels of safe bearing 
capacity for each mixed soil. The moisture content of a mixed soil significantly affects the mineralogy and the 
morphology of the soil interaction. The optimum moisture content (%), density (kN/m3), angle of friction (deg) and 
cohesive of soil (kN/m2) never behave linearly in a group of mixed soils because of mechanical properties interaction. The 
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mineralogy, the morphology and the moisture content are changed with soil mixture and result in developing a new safe 
bearing capacity. For the design of the mixed soil, the attention to the soil mineralogy supports the geotechnical engineering 
design. Analyzing the soil mechanical properties influence on the safe bearing capacity of the soil guides the geotechnical 
engineer to use proper soil which impacts on mineralogy and morphology of the mixed soil for achieving the best safe 
bearing capacity. For example, selecting the suitable percentage of a soil may increase soil strength because of the soil 
mineralogy or morphology. On the other hand, a combination of soil mineralogy and morphology controls moisture content 
of the soil. However, adjusting the moisture content of the mixed soil governs the strength of the soil. The results of this 
study reveal the importance of mineralogy science for civil engineering. It is an indirect relationship between mechanical 
properties of the mixed soil and the load transfer from the structure to the subsoil. Considering the effect of optimum 
moisture content (%), density (kN/m3), angle of friction (deg) and cohesive of soil (kN/m2) on the safe bearing capacity of 
the soil separately could not provide a suitable prediction, while combining the effect of all mechanical properties on 
predicting safe bearing capacity provides suitable results in safe bearing capacity prediction. It has been reported in [24] that 
the mechanical properties of the soil foundation significantly control the lateral and vertical displacements of the subsoil 
and the failure pattern of the subsoil.   
In this study, an experimental report was used for the prediction and the probability analysis of the soil safe bearing capacity 
using advance SC techniques. There are several excellent research works available in the literature which apply different 
methods of statistical analysis, for example many research works can be referred to investigation on materials damage 
assessment [25-28], fatigue strength [29-31], crack analysis [32-33], strain analysis [34-35], and nonlinear displacement 
mechanism [24]. The application of statistical analysis on these researches enrich literature for industrial and educational 
sections. 
 
 
CONCLUSION  
 
n most of the mixed soil used in a construction site, the safe bearing capacity behaves differently and results in various 
structures stability. The mineralogy and the morphology of mixed soil are considered in the safe bearing capacity of 
soil through the application of the artificial neural network (ANN) for the prediction of soil foundation behavior 
considering mechanical properties of the mixed soil. This feasible technique supports the application of soil mixture in 
geotechnical engineering design. The following goal has been reached in the present study. 
 The internal angle of friction of soil has more influence on the safe bearing capacity prediction. 
 Increasing density, cohesive and internal angle of friction of mixed soil results in increasing safe bearing capacity of 
the soil foundation, while increasing moisture has a negative influence on the safe bearing capacity of the soil. 
However, the combination of soil mineralogy and morphology controls moisture content of the soil and adjusting 
the moisture content of the mixed soil governs the strength of the soil mixture. Increasing optimum moisture 
content of the soil causes the reduction of density, cohesive and internal angle of friction of mixed soil, resulting in 
a reduction of soil safe bearing capacity.  
 Most of the safe bearing capacity occurs below 1000 (kN/m2). It is important for achieving high bearing capacity 
with proper interaction of mechanical properties of the mixed soil. 
 For prediction of the safe bearing capacity, the R2 and RMSE for all mechanical properties effects on safe bearing 
capacity are 0.98 and 0.02, these values can provide a suitable accuracy for prediction safe bearing capacity of the 
mixed soil. The higher inaccuracy is obtained when only the influence of the cohesive of the mixed soil is considered 
in prediction of the safe bearing capacity. It can be concluded that the mechanical properties interaction increases 
the safe bearing capacity. The method presented in the present work can be a guideline to apply soil mixed design 
in geotechnical engineering to improve the subsoil quality.   
 Plasticity is the main factor involved in the soil safe bearing capacity [1], it has not been evaluated in the present 
work and it could be a future research work. In the study of the plasticity, the level of moisture content and the 
mineralogy are two variables that could be analyzed using a suitable statistical technique to find their relationship 
with soil foundation safe bearing capacity.    
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